ABSTRACT The incidence of cancer in 12 693 shipyard and machine shop male workers (1689 welders, 4308 platers, 6003 machinists, 693 pipe fitters) employed for at least one year between 1945 and 1960 was investigated in a retrospective cohort study. The welders had welded only mild steel and had not been exposed to hexavalent chromium containing fume. The follow up was 99-7% complete and the total number of person-years was 304 682. The incidence of cancer in 1953-81 was ascertained through the Finnish Cancer Registry. The observed numbers of cases of cancer were compared with the expected numbers based on regional urban rates. The smoking habits of the cohort were surveyed with a postal questionnaire sent to a sample of 961 workers. The smoking habits of the cohorts were similar and smoking was not more common than among the general population. The total number of cases of cancer was 611 (exp 629) among the shipyard workers and 376 (exp 388) among the machine shop workers. The incidence of lung cancer was increased among the shipyard workers (obs 227, exp 192). This excess was observed in all the worker groups and was most evident for the pipe fitters and platers. Among the machine shop workers, the incidence of lung cancer was lower than expected with the exception of the welders who had a slightly raised risk of lung cancer (obs 14, exp 10). The incidence of laryngeal cancer was slightly raised among the shipyard workers (obs 24, exp 20) but not in the machine shop workers. No excess risk was observed among the welders.
Platers and machinists were included in the study, primarily as a comparison group for welders but also for separate study of their risk of cancer. Pipe fitters were included in the study as the group most likely to indicate the maximum effect of asbestos at these workplaces.
Material and methods
Data were collected from the personnel registers offive shipyards and four machine shops in south-southwestern Finland on all men who had worked continuously for at least one year in the selected occupations between 1945 and 1960. Occupational titles have changed over the years and titles for the same type of work have differed at the workplaces. Accordingly assistants trained by the research team collected the data at the workplaces, applying strict rules in categorising workers by occupation. Special care was taken to collect the data in a manner that would help comparison of exposures to metal fumes. Table I shows the distribution according to occupations, all of which were derived by combining several subcategories-for example, the platers were composed of 18 subcategories which were coded separately. Welders were the most homogeneous group, consisting of only three subcategories, welders, welder's assistants, and apprentices.
In terms of exposure to metal fumes welders represent the most heavily exposed workers, platers had some exposure, and the machinists only slight or no exposure. Pipe fitters had the highest exposure to asbestos.
To estimate the exposure, all the workplaces were visited by the industrial hygienist in the research team (P-L K) and the production history for the study period was scrutinised. SHIP the cohort whichever was latest was used as an additional classifier of expected and observed numbers of cases. In some cases it was possible that one member of the cohort fulfilled the criteria of belonging to more than one subgroup--for example, he had worked at least one year as a welder and one year as a plater. In these (rare) cases the cancers and numbers of person-years were counted to all the occupational subgroups in question. The small effect of this type of "double counting" is further reduced by the fact that the total number of cancers includes also Tola, Kalliomaki, Pukkala, Asp, Korkala The smoking habits of the shipyard and machine shop workers were similar (table 10). The percentage of current smokers at the time of the inquiry was slightly smaller among the shipyard workers. The smoking habits in 1956 were similar for both groups and close to the prevalence among the pulp and paper workers (55%) who answered an identical questionnaire in another study. 33 The prevalence of smokers among the whole male population in Finland was about 60% around 1960 and decreased thereafter to about 30% around 1980.34 Thus the smoking habits of this cohort roughly correspond to the average Finnish smoking habits. When welders were compared with other occupations, the prevalence of smoking was similar among welders and other occupational groups in shipyards (28%) and somewhat more common among machine shop welders than non-welders (38% v 34%). When assessing the results of an occupational cohort study such as the present one, three main issues should be considered. Firstly, how the exposure was defined; secondly, how the follow up and ascertainment of the disease of interest was performed; and thirdly, what possible confounding factors could affect the results and how they could be controlled. The assessment of exposure in the present study was mainly qualitative and based on available documents as well as several interviews of both present and former workers and foremen. Special attention was paid to the completeness of the records at the workplace. Analysis of the data showed no inconsistencies, which would suggest that, for example, some part of the work force had been omitted from the study. The collection of data was performed by trained research assistants and not by personnel of the workplace. The inclusion criteria for workers were set before collecting the data and they were based-as was the subsequent sub- grouping-on thorough scrutiny with old foremen of the previous working conditions and occupational title listings. Therefore, we believe that the definition of exposure in terms of occupational groups is as reliable as it is possible to achieve in studies such as this.
The follow up in this study was 99 7% complete. Only 14 workers could not be traced at all and removing them from the study should not affect the reliability of the results. With the exception of four, all workers who could be identified could also be traced in Finland or the other Nordic countries. Even combined with those 19 workers who moved elsewhere and could not be traced, the number of subjects lost to follow up was only 0-3%.
The diagnosis of cancer in this study was based on the information available from the Finnish Cancer Registry. The reporting of a new case of cancer to the cancer registry is obligatory in Finland and the other Nordic countries. The quality of the diagnoses of cancer and the completeness of the data are continuously monitored.2935 Consequenctly, the diagnostic quality of the registers is good for the purposes of an epidemiological study.
Age is a major determinant of cancer, and it was accounted for in the analyses by five year age categories. The calculation of the expected values was performed for 10 year intervals separately, which should eliminate the effect of secular trends accurately enough for the purpose of this study.
The so called healthy worker effect3637 cannot be eliminated from a study such as the present one and, unfortunately, no reliable quantitative estimate of its impact is available. Analysis by the follow up and exposure period should help in controlling the healthy worker effect, which should be smallest for those with the longest exposure period and follow up. It is also known that the healthy worker effect is a smaller 216 problem in studies of cancer than in some others-for example, of coronary heart disease. Irrespective of the magnitude of the healthy worker effect, it makes the interpretation of statistical significance testing problematical. More attention should therefore be paid to the consistency and direction of the results than to the conventional significance levels. In this study several occupations with different exposure but similar social background have been followed up. Consequently, the comparison between different occupations within the study provides one possibility to assess the relative importance ofexposure and other factors. These internal comparisons should be practically unaffected by the healthy worker effect.
Smoking is a major potential confounder in studies ofcancer, especially when lung cancer is found in small excess as in the present study. This is especially important since some authors have reported that welders smoke more than the general population. 12 3839 There were no reliable data available on the smoking habits of the workers in the records, and therefore an attempt was made to evaluate the smoking habits by postal questionnaires. Several problems are encountered in an approach such as this,"' but because we had access to the results of an identical inquiry of a parallel epidemiological study on pulp and paper workers3 we thought that the questionnaire gave reasonably reliable information on the relative smoking frequencies of the different groups of workers. It seems that the smoking habits of the study population did not differ from those of the general population in a way that could explain the excess of lung cancer. Moreover, within the study the groups of workers with an excess of lung cancer did not smoke more than the groups without such excess. In fact, smoking was slightly less prevalent in shipyards than in machine shops. Therefore it is valid to consider occupational factors as a possible cause of the excess of lung cancer that has been found. Tola, Kalliomaki, Pukkala, Asp, Korkala employees. Therefore, the pipe fitters at the shipyard were probably not as much exposed as in some other studies. The fact that risk of mesothelioma was not increased also speaks in favour of relatively low exposure to asbestos.
Regarding exposure to metal fumes, the results are inconclusive. There was a small increase in the incidence of lung cancer among the welders in the shipyard (SIR 115) as well as the machine shops (SIR 135) but it was not statistically significant. Excess lung cancer was also observed for the platers in the shipyards but not in the machine shops. Since the platers are exposed to welding fumes in both work places, although to a lesser extent in the machine shops, it is difficult to attribute the excess of cancer to welding fumes only. Some other factor than welding fumes could be responsible for the found excess in shipyards. Bearing in mind the possible effect ofminor differences in smoking not detected in the questionnaire study, asbestos is still the most obvious explanation, although difficult to confirm.
If one accepts the observed small excess risks of welders as real asbestos cannot be the explanation in the machine shops and is perhaps less likely also in the shipyards for the welders than for the platers. Most of the welding was performed in separate halls with no asbestos exposure, and even in the ship the welding was done mainly before the working phases which possibly involved exposure to asbestos. All in all, there seems to be about 20% excess risk of lung cancer among the welders in the present study. This is in good agreement with the average risk found in most other studies.'9 Also, a register based analysis by occupations based on census information in Finland (E Pukkala, 14th International Cancer Congress, Budapest, 1986) showed a similar excess (SIR 148) for welders and flame cutters. Considering also the smoking data, this study does not exclude the possibility that welding may be associated with a small increase in lung cancer. Nevertheless, the fact that no association with follow up time could be shown makes the interpretation of the results difficult. A small increase such as this may well also be due to chance. Nevertheless, in terms of exposure to metal fumes these welders represent an extremely heavily exposed group and obviously the exposure levels in more recent times are much lower. That a significant excess of lung cancer could not be shown in a study such as this suggests that even if the risk of lung cancer were associated with welding this risk must nowadays be low, and probably too low to be unequivocally detected in most epidemiological studies.
The excess incidence of laryngeal cancer among platers in the shipyards (SIR 152) may possibly be explained by exposure to asbestos. Welding has been suspected of causing cancer of the larynx but the Incidence of cancer among welders, platers, machinists, and pipefitters in shipyards and machine shops evidence in favour of this is rather weak.4' In the present study laryngeal cancer did not have have any relation with the welding exposure.
The finding of statistically significant increases in the incidence of cancer of the prostate among welders was unexpected and no explanation could be found in terms of exposure. A French study on 100 welders42 showed two cases of prostatic cancer when only 0 6 were expected but no explanation for this finding could be presented, either. Prostatic cancer is geographically unevenly distributed in Finland, being highest in the study areas. The use of regional rates for calculating the expected values should correct most of the bias caused by this but the finding should be interpreted with caution. The aetiology of this type of cancer is obscure43 and even the suggested association with exposure to cadmium is far from clear."
The small excess of the cancer of urinary bladder among machine shop workers (SIR 132) 
